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My invention relates to time indicating devices
and concerns particularly arrangements for indi-
cating the time duration of regularly recurring
cperations or events,

Although my invention is generally applicable
to the indication of time duration of various op-
erations and events, it will be described in con-
nection with a resistance welding system with
which it is particularly useful.

In resistance welding systems of certain types,
the current is applied intermittently, and in such
apparatus it becomes desirable to provide means
for readily determining the length of time the
current is flowing and the length of time no cur-
rent is flowing. Such a device becomes particu-
larly desirable in connection with alternating cur-
rent resistance welders controlled by vapor dis-
charge tubes having control elements. I have
found that the character of the weld obtained
depends upon the exact number of half cycles
that welding current is flowing and is not flow-
ing and upon the rate at which the welding cur-
rent is interrupted. In order to reproduce work
and in order to produce welds of the same char-
acter on a plurality of welding machines, it is
advantageous to be able to set the welding ma-
chine in advance without experimenting on the
work before finding the proper setting.

It is an object of my invention to provide a
device for indicating visually the lengths of time
the current is flowing and the current is inter-
rupted in a resistance welder controlled by vapor
discharge tubes.
vention to provide means for indicating the length
of time current is flowing in any electrical cir-
cuit which is alternately energized and unener-
gized.

1t is stlll another object of my invention to
provide a device for indicating generally the time
duration of operations occurring intermittently
at regular intervals.

Other and further objects and advantages of
my invention will become apparent as the de-
scription proceeds.

In accordance with my invention. in its pre-
ferred form, I provide a rotating disk with uni-
formly spaced holes therein and a stroboscopic
lamp associated with the welding circuit of an
alternating current welding system, the light from
the lamp being viewed through the holes in said
rotating disk. The rotation of the disk causes
the light to appear as series of bright spots rep-
resenting the conducting periods alternating with
dark spaces representing the periods when the
welding circuit' is not energized.  The number

It is a further object of my in- -

(CL. 177—311)

of light spots in each series provides an indica-
tion of the number of half cycles during which
the welding circuit was energized, and the spac-
ing of the groups of light spots provides an indi-

- cation of the rate at which the welding current

is being interrupted.

The features of my invention which I believe
to be novel and patentable are pointed out in the
claims appended hereto. A bettér understanding
of my invention itself, however, may be obtained
by ieferring to the following description in con-
nection with the accompanying drawings.

Fig. 1 is a circuit diagram illustrating schemat-
ically an embodiment of my invention in connec-
tion with an alternating current welding system
controlled by grid controlled vapor discharge
tubes, and in which light flashes are furnished
by one or more of the grid controlled dlscharge
tubes.

¥ig. 2 represents in part a modification of the
circuit of Fig. 1 in which a separate lamp is uti-
lized for producing light flashes.

Fig. 3 represents in part a modification of Fig.
1 in which a different set of discharge tubes is
utilized as the source of light.

Fig. 4 represents in part a variation of the ar-
rangement of Fig. 2 in which the lamp furnish-
ing the light flashes is energized from a different
part of the circuit of the welding system.

Fig. 5 represents a modified arrangement for
causing a separate lamp to become luminous for
only very short periods of time.

. Pig. 6 is a voltage curve explaining the opera-
tion of the apparatus in Fig. 5.

"Fig. 7 is a diagram illustrating the arrange-
ment of apertures in the rotaving disk employed
in my apparatus for obtaining indications of time
duration for any of a plurality of different num-

bers of current interruptions per minute.

Fig. 8 is a diagram corresponding to a portion
of the rotating disk of Fig. 7 representing the
appearance of the light spots in determining
time duration for a particular adJustment of the
apparatus.

Fig. 9 is a diagram illustrating a modified ar-
rangement of apertures in a rotating disk.

Fig. 10 is a diagram illustrating in part a modi-
fication employing a revclving light source.

Referring now more in detail to the drawings
in which like reference characters are used to
designate like parts throughout, for the sake of
illustration, I have shown apparatus embodying
my invention used in connection with a welding
system, the latter being similar to that disclosed
in my copending application, Serial No. 585,292,
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. the terminal 35 of reactor 3% and

2

filed January 7, 1932, and assigned to the same as-

" signée as the present application.

The necessary electrical energy is supplied by
a’ source of alternating current connected at |
and the work to be welded is represented at 12
between a pair of welding electrode rolls 3.
Welding current is supplied by a transformer (4
connected to the alternating current source
in series with primary winding 15 of a control
transformer 16 having a secondary winding i1
which may be short circuited by means of grid
controlled vapor discharge tubes 18 for the pur-
pose of diminishing the reactance of series trans-
former 06 and permitting welding current to
flow. .

The discharge tubes 18 may, if desired, be en-
closed in a light-tight box 19 having & ground
glass front 20 which may be viewed through a
disk 21 having a plurality of apertures therein
evenly spaced on concentric circles as shown in
Pig. 7. The disk 21 is driven at a uniform rate
of speed by means of a synchronous motor 22
connected to the source of alternating current
it in advance of the control transformer 16 so
as to be unaffected by interruption of energiza-
tion of the welding circuit. It will be under-
stood, of course, that the flashes of light from
tubes I8 may also be viewed directly through
the apertures of disk 2zl without the interposi-
tion of the screen 20 and that the light-tight,
box |9 need not necessarily be used.

As will be explained more fully hereinafier,
the discharge tubes 18 which contrcl the weld-
ing current are themselves controlled through
the agency of a grid transformer 23 by discharge
tubes 28. Discharge tubes 24 in turn are con-
trolled by grid voltages obtained from an in-
verter circuit which includes a discharge tube
25 a;ld is energized by a direct current source
26—21. :

The discharge tubes |8 are provided with con-
trol grids 2& connected to secondary windings
29 of the transformer £3. The transformer 23
is provided with a primeary winding 30. connect-
ed between the mid-tap 8§ of a reactor 22 and
s point 33 connected through a resistor 34 to
through a pri-
mary winding 36 of a transformer 37 to a ter-
minal 38 of the reactor 32. The terminals 3%
and 38 of reactor 32 are connected through con-
ductors 39 to the alternating current source i,
so that by causing the impedance of winding
36 to be materially greater or less than the im-
pedance of resistor 34, thus in effect, connect-
ing point 33 to either terminal 35 or 38, the volt-
ages impressed on transformer 23 and on control
grids 28 of tubes 18 may be caused to be either
substantielly 188° out of phase or substantially
in phase with the voltage impressed on ‘tubes
18 by series transformer {6, and the tubes 18
may be made either non-conducting or con-
ducting.

The discharge tubes 24 are connected across
& secondary winding 40 of the iransformer 31
and are provided with control grids 4i which
are connected through a secondary winding 42
of a transformer 43 and a switch 44, which is
maintained in the down position for the type
of operation herein described, to a tap 45 of a
potentiometer 46 which may, if -desired, be con-
nected to the direct current source 26—21. . The
discharge tubes 24 regulate the impedance of the
transformer - 31 so that the impedance of its
winding 36 may be made greater or less than
that of the resistor 34.

2,011,366

The inverter circuit including the tube 25 is
a modified form of the circuit shown in U. S.
Patent 1,859,082 to Alan S. Fitz Gerald and Harry

1,. Paimer, granted May 17, 1932, and assigned

to the same assignee as the present application.
The discharge tube 25 is provided with a control
grid 41 connected through a winding 48 of a
transformer 49 to a tap 50 of the potentiometer
46. The windings 5! of transformer 43, and 52
of transformer 48, are connected by an adjust-
able phase shifting arrangement comprising a
condenser 53 and a rheostat §4. The trans-
formers 43 and 48 serve to improve the operation
of the welding system as explained in my co-

_pending application, above mentioned, but their

method of operation is not essential to an under-
standing of the present invention. The inverter
eircuit also includes a condenser §5 arranged 10
be charged by the source’ 26—27 through an
impedance 56, here chown as & resistor, and ar-
ranged to be discharged through the tube 25 and
a reactor 55’. In -order to regulate the rate of
charge and discharge of the condenser 55 either
or hoth the condenser 55 and the resistor 56 are
made variable.

The operation of the welding
follows:

Wwhen the circuit from the source 26-——27T to the

vsystem is as

‘econdenser 55 is closed through a switch 57, the

point 58 is at the positive potential of the ter-
minal 26 of the direct current source and the
full voltage of the direct current source 26—27
occurs as a potential drop in the resistor 6.
Since, when the switch 57 is first closed, there is

_no difference in potential between the plates of

condenser 55, the grid 47 of the discharge tube
25, being connected to the tap 55 of potentiom-
eter 46, will be at a negative potential with re-
spect to the cathode 59 of the discharge tube 2%
causing the discharge tube to remeain non-con-
ducting. As the current continues to flow into
condenser 55 however, its voltage gradually in-
creases and the potential of the point 58 becomes
more negative until grid 47 of the discharge tube
28 is rendered positive with respect to the point
58 and the cathode 58, thereby permitting the
discharge tube 25 to become conducting and to
dischargs the condenser 5% through the circuit
including reactor 55’. As a result ef the regct-
ance of the reactor 55’ or the inherent react-
ance of the circuit, the potential difference be-
tween the plates of the condenser 55 tends to
reverse and the flow of current through the dis-
charge tube 25 is extinguished The operation
is then repeated and a charge again builds up
on condenser 55. The rate at which the con-
denser 55 is charged and discharged determines
the rate at which the welding current between
electrodes I3 is interrupted, as will become ap-
parent. ’

When the condenser is discharged, the polnt'

58 connected to cathodes 24’ of discharge tube
24 is positive with respect to the tap 45 connected
to grids 4t of the discharge tubes 24 and the
tubes 24 remain non-conducting. Then each time
as the charge builds up and exceeds a value de-
termined by the constants and the adjustment
of the apparatus, the point 58 becomes negative
with respect to the tap 45 so that the cathodes
24’ become negative with respect to the grids
&1 of the tubes 24 rendering them conducting.
Whenever the discharge tubes 24 become con-
ducting they short circuit the winding 40 of the
transformer 31 causing the reactance of the wind-
ing 36 to fall to a minimum’ thereby in effect
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transferring the connection 33 of winding 30 of
transformer 23 to the terminal 38 of the reactor
32.. The phase relationship of the grids 28 of the
discharge tubes I8 is thereby varied substan-
tially 180° so as to cause the discharge tubes 18
to become conducting and short circuit the series
transformer 16 permitting a welding current to
flow between the welding electrodes §3. The du-
ration of the welding current is controlled by the
adjustment of the rate of charge and discharge
of the condenser 55 of the inverter circuit so
that within the range of the apparatus any de-
sired number of interruptions of the welding cur-
rent may be obtained per minute and the welding
current may be caused to continue for any de-
sired number of half-cycles of the alternating
current wave. As explained in my copending ap-
plication mentioned above, the welding current is
always caused to flow for a whole number of
half-cycles and does not continue for a fraction
of a cycle.

The manner in which the apparatus provides
an indication of the duration of the welding cur-
rent will become apparent from a consideration
of the effect of observing the translucent screen
20 through a revolving disk having a single aper-
ture. It is assumed that the alternating current
source If operates at 60 cycles. There are, there-
fore, 120 half-cycles per second and consequently,
if the system is continuously energized, owing
to the inherent property of the discharge tubes
I8 of producing light flashes when energized, 120
flashes per second will be observed through an
aperture in the disk 21, It will be assumed that
the disk 21 is rotating at a speed of 60 revolu-
tions per minute or 1 revolution per second. Con-
sequently, the single aperture through which the
light is being viewed, for example, the aperture
60 (Fig. 8), will be observed in 120 different posi-
tions in one second, and owing to the persistence
of vision, the revolving aperture 60 will tend to
appear. as an arc of a complete circle of 120 evenly
spaced spots. of light. The persistence of vision,
however, would ordinarily not be great enough
to cause the simultaneous appearance of the en-
tire circle of 120 light spots. The spots of light
would fade a fraction of a second after the aper-
ture had passed the location of the spots so that
groups of light spots would become visible at
different portions of the periphery of the circle
as the aperture traveled around the circle.

In the particular arrangement described, the
spots of light will be 3 angu'ar degrees apart. In
order to increase the intensity of the spots of
light and in order to insure the continuous ap-
pearance to the eye of a complete circle of light
spots, instead of merely a traveling arc, a plu-
rality of apertures spaced around the circle is
preferable. If the angular spacing between the
apertures 60, 60a, 60D, 69c, etc., is made 3 degrees
or a multiple of 3 degrees, the visual effect of the
light flashes seen through any one of the aper-
tures will be superimposed on the effect produced
by any of the other apsrtures. By a method
which will be explained hereinafter, the speed of
the disk and the spacing of the apertures are so
chosen in relation to the frequency of the alter-
nating current source that each of the apertures
will pass a given point at an instant that a light
flash occurs. The arrangement of the light spots
when the alternating current is flowing withou*
interruption is illustrated in row 61 of Fig. 8 rep-
resenting one-sixth of the disk 21. The points
62a, 620, 62c, 62d, 62¢, etc., represent light spots as
they appear to the eye. The circles 60, 60a, 600,

3

60c, etc., represent the actual apertures. How-
ever, it will be understood that the positions of
the apertures are shown differently from the other
positions of the light spots merely to indicate the
positions of the apertures at a given instant for
purposes of explanation and that the appearance
of all the light spots is the same. It will also
be understood that for the sake of clearness in
the drawings, the apertures in Fig. 7 are shown as
relatively larger than the size actually employed
and that in fact the apertures are of such a size
that their images will appear as distinct spots of
light as indicated in Pig. 8.

Since each of the light spots seen by the eye
merely represents one of the light flashes seen at
a different angular position, if some of the light
flashes are omitted, owing to an interruption of
the conductivity and intermittent luminosity of
the tubes 18, ar ~ the screen 20 is viewed through
only a single aperture such as an aperture 63,
dark spaces will occur in the circle of light spots.
The light spots will represent half cycles of the
alternating current wave when the welding cir-
cuit is energized and the dark spaces will repre-
sent half cycles when the circuit is unenergized.
For example, in the row of light spots 64 repre-
senting a condition where there are 900 interrup-
tions of a welding current per minute and the
system is energized for 4 half cycles and unen-
ergized for 4 half cycles, the observer will see
groups of 4 light spots 65 alternating with groups
of 4 dark spaces 66. This appearance will indi-
cate to the observer that the welding system has
been energized for 4 half cycles and unenergized
for 4 half cycles. It also indicates that the weld-
ing current is interrupted every eight half-cycles
or 900 times per minute, since the supply source
has a frequency of 60 cycles per second.

Owing to the persistence of vision, the groups
of light spots 65 will appear around a large part

5
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15

of the circumference of the circle even though |

only a single aperture 63 is employed. However,
in order to increase the intensity of the spots and
the ease with which the observation may be made,
a plurality of apertures 63, 63a, 63b, etc., evenly
spaced around the circle is employed. The an-
gular spacing between the apertures is so chosen
that successive apertures will produce light spots

superimposed on the spots produced by the pre--

vious apertures. The manner of determining
spacing will be explained hereinafter.

In order that the proper spacing may be ob-
tained, and the greatest brilliancy ‘of light spots
may be obtained,.it is preferable to use a disk
having a plurality of circles of apertures, each
row corresponding to a different number of in-
terruptions per minute. In the apparatus here
shown in which the disk 2! is driven at 60 revo-
lutions per minute, and a 60-cycle alternating
current source is employed, the rows of apertures
61, 67, 64, 68 ard 69 are used for making ob-
servations of the operation of the apparatus when
adjusted for 1800, 1200, 900, 720, and 600 inter-
rurtions of the welding current per minute re-
spectively. The circles contain 30, 20, 15, 12, and
10 apertures respectively. It will be observed in
each case that the number of apertures is equal
to the number of interruptions per minute divided
by the speed of the disk in revolutions per minute.
In each case the time required for an aperture to
be rotated from its position at a given instant
to the position of the adjacent aperture at the
first instant is equal to the time interval between
thz interruptions in the welding current. Con-
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sequently the groups of light spots produced by
any of the apertures in the row corresponding to
the number of interruptions per minute at which
the apparatus is being operated will ‘be super-
imposed on the light spots produced by any of
the. other apertures in that row.

1t will be obvious that, if desired, any of the
apertures in a given row may be omitted, the only
effect being a slight diminution of the brilliancy
of the light spots. However, if the number of
apertures is increased ahpove that just outlined,
the additional apertures will produce light spots
in the areas which normally constitute dark
spaces. In fact the circles having a greater
number of apertures than the number shown will
produce complete circles of light spots. For ex-
ample, if the apparatus is adjusted as previously
assumed to operate at 900 interruptions per min-
ute the circle of apertures 64 will produce an in-
dication of the number of cycles the welding
current is fowing and the number of cycles the
current is interrupted. However, the circles 6
and 67 having a greater number of apertures will
produce complete circles of 120 light spots each.
The circles having a smaller number of apertures
than circle 64 will either produce similar indi-
cations with the brilliancy somewhat diminished
or will produce circles in which the groups of
light spots and dark spaces appear to move around
the circle. The latter effect will occur as in the
present case when the angular distance between
the apertures is not a multiple of the angular
distance between the apertures of circle 64 since
each aperture will tend to produce series of light
and dark spots i_ndependently of the other aper-
tures and the persistence of vision is not great
enough to carry the illusion of constant bril-
liancy of the light spots long enough for the disk
to make a complete revolution when revolving
at 60 R. P. M. ‘

Although I have shown, for the sake of illus-
tration, the appearance of the light spots when
the welding circuit is energized for 4 half cycles
and unenergized for 4 half cycles, it will be under-
stood that indications may be obtained in a simi-
lar manner for any number of half cycles on and
any number of half cycles off. It will also be
understood that if the welding apparatus is ad-
justed so as to produce a number of interruptions

 per minute corresponding to one of the other

circles of apertures shown in Figs. 7 and 8, an
appearance for the proper circle will be obtained
similar to that shown for circle 64.

Although I have shown, for the sake of illus-
tration, an arrangement in which the disk 21 is
provided with apertures through which the flash~
ing light source is viewed, it will be understood
that my invention is not limited to this exact
arrangement. For example, the disk may be pro-
vided instead with painted spots or sectors which
are viewed by the light of the flashing light
source.

In the arrangement of Fig. 1 the “inherent
characteristic of the discharge tubes I8 to pro-
duce light flashes of relatively short duration
during their conducting periods, which corre-
spond to the periods during which the welding
circuit is energized, is made use of to produce
the light flashes required for the visual effect
which gives the desired indication. Each of the
tubes |8 becomes luminous only once during the
cycle but the tubes are asymmetrically connected
so that their light flashes occur alternately and
a light flash is obtained during each half cycle.
It desired, the apparatus may be so arranged

2,011,366

that the light flashes produced by only one of
the tubes 18 are viewed. In this case each light
spot would correspond to a cycle during which
the welding circuit was energized and it would
obviously not be possible to differentiate between
the half-cycles and whole cycles.

Although I find it desirable in many applica-
tions to make use of the light flashes produced
by the discharge tubes which already form a part
of the welding system, I may also utilize sepa-
rate means for producing light flashes. For ex-
ample, in the arrangement shown in Fig. 2, a
source of light which may be arranged to produce
ligcht flashes of short duration such as a neon
tube 80 is enclosed in a light-tight box 8t pro-
vided with a translucent screen 82, The meon
tube 80 is connected in series with a resistor 83
across the resistor 34, the voltage across which
controls the discharge tubes I8, so that the neon
tube 80 is energized whenever the discharge tubes
{8 are rendered conducting. A condenser 84 is
connected in parallel with the neon tube 80. The
condenser 84 and the resistor 83 serve to cause
the voltage acting on the neon tube 80 to build
up gradually and to be discharged rapidly through
the neon tube 80 so as to produce brilliant light
flashes of very short duration once during each
half-cycle. It will be obvious that the appear-
ance of the light spots and dark spaces obtained
by viewing the translucent screen 82 through the
apertures of disk 21 will be li:he same as that de-
scribed in connection with the embodiment of
Pig. 1. )

1f it is desired to have the neon tube 80 produce
o flash only once each cycle during energization
of the welding circuit instead of once each hal’-
cycle, a rectifier 83’ of any suitable type, such as,
for example, a copper oxide rectifier, may be con-
nected in series with the neon tube 80 by open-
ing the switch 84‘, thereby cutting off alternate
half cycles. When the neon tube 80 is arranged
in this manner, it is obviously unnecessary to
provide means for causing it to luminesce only
during the voltage peaks since the alternate half-
cycles when the current is cut off by the rectifier
83’, provide ample spacing between light spots
to enable distinguishing them as separate spots.
This arrangement may be desirable when the

welding apparatus is so arranged that only inter-

ruptinz rates can be obtained which correspond
to welding periods and intervals between initia-
tions of the welding current comprising whole
numbers of cycles.

When my timing apparatus is to be used with
welders which are to operate at a wide variety
of different interrupting rates, it may be desir-
able to provide the motor 22 with change gears,
pole changing arrangements or by some other
suitable method to permit rotating the disk 21
at different speeds, since it may be difficult to
adapt the device to certain combinations of in-
terrupting rates without changing the speed of
the disk or permitting the light spots to rotate
around the circle instead of remaining station-
ary. It is not essential, however, to have the
light spots remain stationary to obtain satisfac-
tory readings. I have found, for example, that in
connection with welding apparatus adjustable for
interrupting rates corresponding to whole-cycle
intervals, readings may be taken at a relatively
large number of different interrupting rates with
a disk having relatively few rows of apertures by
rotating a disk arranged as shown in Fig. 9 at 50
revolutions per minute where a 60-cycle-per-sec-
ond power supply is used. The disk shown in

10

15

20

30

35

40

45

50

58

60

(13

70

76




10

15

20

30

33

43

70

5

from 2 to 12 cycles, inclusive.
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Fig. 9 is provided with rows of apertures 92, 93,
84, 98, and 98 containing 12, 9, 8, 6, and 4 aper-
tures respectively. The outer four rows 92 to 95
permit easily making readings with any inter-
rupting rate from 1800 down to 300 interruptions
per minute, inclusive, which corresponds to any
interval between initiation of the welding current
The inner row
86 is used for making readings with an interrupt-
ing rate of 200 interruptions per minute primarily
in connection with spot welding, where -as the
higher interrupting rates are used for line weld-
ing.

As already explained, the light spots will re-
main stationary if the number of apertures in
the row being viewed is equzl to the quotient of
the number of interruptions per minute of the
welding current divided by the speed of the disk

.iIn revolutions per minute or if the number of

apertures is any whole number which is a factor
of caid quotient. Or expressed in another way,
the light spots will appear stationary if the time
required for the disk to make one revolution is
equal to or a multiple of the product of the num-
ber of apertures in the row being viewed and the

.time interval between successive initiations of

the welding current. With 60-cycle current sup-
ply, a speed of 50 revolutions per minute corre-
sponds to one revolution in 72 cycles. Conse-

-quently, the light spots will appear stationary in

rows 92, 93, 95, and 96 with 2-cycle intervals be-
tween successive initiations of the welding cur-
rent; in rows 92, 95, and 96 with 3-cycle intervals;
in rows 95 and 96 with 4-cycle intervals; in rows
92, 95 and 96 with 6-cycle intervals; in row 98
with 8-cycle intervals; in rows 94 and 96 with
9-cycle intervals; and in row 95 with 12-cycle in-
tervals.

However, since the interrupting rates corre-
sponding to the intervals of 5, 1, 10, and |1 cycies
are each close to one of the interrupting rates at

“which the spots remain stationary, the spots will

tend to move slowly for these other interrupting
rates, thereby permitting readings to be made
readily at these interrupting rates also. For in-
stance, at an interrupting rate corresponding to a
5-cycle interval, the light spots will appear to
travel backward slowly in row 92 and forward
slowly in row 93. Likewise with a T-cycle interval,
the light spots will appear to move forward slowly
in row 92 and backward slowly in row 93. With
10-cycle and 1l-cycle intervals, the spots will
appear to move forward in row 94 and backward
in row 9%, moving in row 94 more slowly with a
10-cycle interval and in row 95 more slowly with
an 1l-cycle interval.

In the arrangement of Fig. 1 the luminous prop-
erties of discharge tubes {8 are made use of.
However, it will be understood that the apparatus
may also be arranged to utilize the luminous
properties of discharge tubes 24 as illustrated in
Fig. 3. In the arrangement of Fig. 3 discharge
tubes 24 are enclosed in a light-tight box 85 and
the light flashes are viewed as before through
the apertures of rotating disk 21. Since the weld-
ing current between the electrodes 13 is controlled
by the conductivity of discharge tubes 24 and the
discharge tubes 24 become luminous when con-
ducting, the arrangement of Fig. 3 will operate in
a manner corresponding to that already described
in connection with Fig. 1.

Fig. 4 represents an arrangement utilizing an
independent source of light flashes similar to the
arrangement of Fig. 2 except that the light source
is connected directly to the circuit supplying the

5

welding transformer 14. Obviously the neon tube
80 in Fig. 4 is energized whenever the welding
circuit is energized, and the operation will be
similar to that previously described. Although I
have described apparatus in which a flashing light
source is energized while a welding circuit is en-
ergized so as to produce light spots representing
the periods of energization and dark spaces repre-
senting the periods when the circuit is not ener-
gized, it will be understood that I am not limited
to this arrangement. My invention obviously in-
cludes arranging the apparatus so that the light
spots will be produced when the welding circuit is
not energized instead of when it is energized. For
inctance, if the neon tube 80 is connected to points
in the welding circuit between which a voltage
exists only when the welding electrodes 13 are not
conducting appreciable current, or if the tube 80
is controlled by a suitably arranged relay, the
light spots 65 of Fig. 8 may be produced while the
welding circuit is not energized and the spaces 66
may be left dark while the circuit is energized.
This operation would result, for example, if the
neon tube 80 were connected across the windings
36 or 15 instead of as shown in Figs. 2 or 4. If
desired, a double-pole double-throw switch 101 as
in Fig. 4 may be provided to permit connecting the
neon tube 80 across an element of the circuit such
as winding 15 in which there is appreciable volt-
age only when the welding circuit is not energized,
the switch 102 being closed while the apparatus
is in operation.

Any other desired means for causing the neon
tube 80 to produce brilliant flashes of light once
during each half-cycle or cycle may also be em-
ployed. For example, in the arrangement of Fig.
5 the neon tube 80 is connected to the secondary
winding 86 of a specially constructed transformer
87 having a magnetic bridge 88 containing air
gap 89.

The dimensions of the magnetic circuit of the
transformer 87 are such that the leg 90 on which
the secondary winding 86 is wound is relatively
highly magnetized and saturates readily. The
primary winding 91 of the transformer 81 is con-
nected across the resistor 34 to correspond to the
arrangement of Fig. 2 or across the primary wind-
ing of the transformer {4 to correspond to the

arrangement of Fig. 4. When the voltage wave

impressed on winding 91 rises, the flux in the leg
80 of the transformer 87 increases rapidly. At a
predetermined voltage, the leg 90 becomes
saturated so that the flux flowing across the air
gap 89 increases. Relatively little further in-
crease in flux occurs in the leg 90 and when the
voltage applied to winding 81 falls again below the
value at which leg 90 is saturated the flux of leg
90 drops abruptly. As a result of the fact that
the flux in leg 90 rises and falls abruptly and that
there are relatively long intervals between the va-
riations in flux, the voltage induced in winding

- 86 and applied to neon tube 80 consists of peaks

of short duration rising and falling relatively
rapidly as shown in Fig. 6. Consequently brilliant
flashes with short duration are emitted by the
neon tube 80.

Although for mechanical reasons I ordinarily
prefer to employ a stationary light source coop-
erating with a movable optical device such as a
perforated or painted disk, my invention is ob-
viously not limited to such arrangements and also
includes, for example, the use of a movable light
source as shown in Fig. 10. In this embodiment
of my invention, one or more light sources 97
such as neon tubes, for example, are mounted on

5

10

15.

20

30

40

50

55

60

85

({1



18

20

25

49

45

50

55

65

70

Pracy

Lo

2 revolving member 8 driven by a motor 22. The
neon tubes 97 are connected through slip-rings
88 across either the resistor 34 or across the pri-
mary winding of the transformer {4 in place of
the neon tube 80 shown in Figs. 2 and 4. 'The neon
tubes 87 are viewed directly and give the appear-
ance of groups of light spots 100 aiternating with
dark spaces analogous to the appearance of Fig. 3.

In accordance with the provisions of $he patent
statutes, T have described the principle of opera-
tien of my invention together with the apparatus
which is now considered to represent the best
embodiment thereof, but I desire to have it under-
stood that the apparatus shown and described is
only illustrative and thai the inverntion msey e
carried out by other arrangemsents.

What I claim as new and desire to securs by
Letters Patent of the United Siates is:

1. In combination with an intermiftenily ener-
gized alternating current welding system, means
for indicating the lengths of the energized and
deenergized periods comprising o lamp encrgized
by said welding system, a rotatable disc illumi-
nated on one side by said lamp and means for
rotating said disc at such a speed that the ratic
of the frequency of the aliernating current cir-
cuit ‘energizing said welding system o said speed
forms a whole number, said lamp luminescing
during the peaks of the voltage wave of said
alternating current welding system:, said rotatable
disc having therein evenly spaced on a circle
coaxial with the axis of rotation of ssid disc,
holes equaling in number ths number of inter-
ruptions per minute of said welding systern di-
vided by the number of revolutions per minuie

.of said rotatable disc, said lamp viewed through

said disc producing a plurality of series of light
spots alternating with dark spaces having rela-
tive lengths corresponding te the relgiive on and
off pericds of said welding system.

2. In combination with an alternating current
system, alternately energized and deenergized

-at a uniform rate, means for indicating the

lengths of the energized and deenergized neriods
comprising s light emitting device eleciricaliy
connected to sald system and becoming lumi-
nous intermitiently at g rate determined by the
frequency of said system, a rotatable element
optically cooperating with said emitting device
and means for rotating said element at such a
speed that the ratio of the number of interrup-
tions per minute of said alternating current sys-
tem to said speed in revolutions per minute forms
a whole number, said rotating element having
means for producing light images thereon when-
ever said light emitting device becomes luminous,
thereby producing series of light spots alternating
-with dark spaces, the relative lengths of said
light and dark spaces indicating the relative
lengths of the energized and deenergized periods
of said alternating current system.

3. In combination with an alternating current
system alternately energized and deenergized
at a uniform rate, means for indicating the
lengths of the energized and deenergized periods
comprising a light emitting device associated with
said system and becoming luminous intermittent-
ly at a uniform rate during said energized peri-
ods, a rotatable element optically cooperating
with said light emitting device and means for
rotating said element at a uniform rate of speed,
said rotating element having means thereon for
producing light images whenever said light emit~
ting device becomes luminous thereby producing

- series of light spots, alternating with dark spaces,

75

the relative lengths of said light and dark
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spaces indicating the relative lengths of the en-
ergized and deenergized periods of said alter-
nating current system.

4. Apparatus for indicating the duration of
regularly recurring operations comprising a light
emitting device, means for causing said device
o become luminous intermittently at a uniform
rate during each of said operations, a movable
element opticaily cooperating with said light
emitting device and means for producing motion
of said element at & uniform rate of speed; ssid
movable element having means thereon for pro-
ducing light images when said light emitting de-
vice becomes luminous thereby producing sevies
of light spots appearing in successive positions to
form light spaces, and leaving dark spaces alier-~
naiing with sald light spaces, the relative lengths
said light and dari spaces indicating the rela-
tive tlme duration of said operations and the
intervals therebeiwesn.

5. In combination with an alternating current
sysiem elternately energized and deenergized at
o uniform raje, means for indicating the lengths
of the energized and deenergized pericds com-
orising a light emitting device associated with
said system and becoming luminous intermit-
tently at a uniform rate during said energized
periods, mezans for causing light spots produced
oy said light emitting device to appear in sue-
cessively differeni positions, thereby producing
series of light spots aliernating with dark spaces,
the number of light spots in said series indicating
the lengih of the energized periods of said alter-
nating current system.

8. Apparatus for indlcating the duration of
regularly recurring operations comprising a iight
emitting device, means for causing said device
to become Iuminous intermiitently at a uniform
rate during said operation, means ior causing
said device to appear to assuwme successively dif-
ferent positions, thereby prodilcing series of light

. spois alternating with dark spaces, the number

of light spots in said series indicating the time
duration of sgid operations.

7. Apparatus for indicating the duration of
regudarly recurring operations comprising, a light
emitiing device, means for causing said device
o become luminous intermittently at a uniform
raie during said operation, means for moving said
device to successively different positions thereby
producing series of light spots alternating with
dark spaces, the number of light spots in said
series indicating the time duration of said opera-
tions.

-8. Apparatus for indicating the time intervals
between regularly recurring operations compris-
ing a light emitting device, means for causing
said device to become luminous intermittently at
a uniform rate during said operation, means for
causing light spots produced by said device to
appear in successively different positions, there-
by producing alternately light and dark spaces,
the length of one of which provides an indica-
tion of the time intervals between said opera-
tions.

9. A time indicator for apparatus having a
different operating condition during alternate
time periods, comprising a light emitting device,
means for causing said device to become lumi-
nous intermittently at & uniform rate during said
alternate periods, means for causing said device
to appear to assume successively different posi-
tions, thereby producing salternately light and
dark spaces the lengths of which provide indica-
tions of the lengths of said time periods.
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